This work was conducted to assess behavioral, thermoregulatory and operational aspects of gilt breeding (Body weight, 25-110 kg) whilst the animals were housed in 2-cm deep shallow pool pens (SPP), without the addition of water, compared to the use of fully compact floor pens (TSF) during the winter and summer seasons. Commercial female strains for high lean tissue accretion were used, housed in grower/finisher pens for 108 days (11 animals/pen, 1.2 m 2 /animal). Instantaneous observations of behavior were carried out every 12 min between 7:00 and 19:00 hours throughout the six days of the raising period. At the end of the raising period, the operational aspects of cleaning the facilities were analyzed. A 2 × 2 factorial scheme design was used, with two types of floors and two seasons, with three replicates. The average temperatures in winter and summer were 19.9 ± 2.2°C and 24.5 ± 2.3°C, respectively. The use of SPP reduced aggressive behavior and increased exploratory behavior, increased the time for the daily cleaning, and reduced the time for the final cleaning of the pens. Key words: Animal welfare, environmental enrichment, facilities, pigs
Introduction
There is an increasing pressure on industrial pig farms, especially in the southern states of Brazil, for production systems to incorporate a higher degree of animal welfare and to have a low environmental impact (MOLENTO, 2005) . In this context, the use of low cost, easy deployment systems, which do not increase the waste problems associated with pig production, are essential.
The domestic pig (Sus scrofa domesticus) has a poorly developed thermoregulatory mechanism and adult pigs are very sensitive to heat. Therefore, climatic conditions are one of the main limiting factors in the productive efficiency of the swine industry, especially when the temperature is above their thermal comfort zone (RENAUDEAU et al., 2013) . The use of technologies that minimize heat stress is necessary to improve the efficiency of animal feeding. Taking this into account, the use of shallow pool pens has been shown to improve the performance of pigs during the growth phase (REIS, 1995; MOREIRA et al., 2003) and to reduce hostile behaviors, such as aggression and stereotypies (PAIANO et al., 2007) .
The shallow pool pen system, used in pig farming, involves the use of surface stream water, 5-10 cm deep, located at the back of the pens (MOREIRA et al., 2003; NAGAE; DAMASCENO; RICHARD, 2005) , which aims to increase the heat loss of pigs through the process of conduction and convection. The use of this system provides a more natural environment for swine, especially because it promotes wallowing, an important behavioral pattern in the thermoregulatory processes of this specie (BRACKE, 2011) .
Pig production systems should also be analyzed for their environmental impacts (PALHARES; CALIJURI, 2007) . Therefore, the traditional system of pool pens is considered critical to the environment, mainly due to the increased dilution of the waste, which complicates its management and treatment.
Due to the increased dilution of waste, the prevailing recommendation is to not use the pool pen in pig farming; however, there is a system commonly used in Western Santa Catarina, where a water depth of ~2 cm is used without the necessity to constantly replenishes water, which captures the waste drinking water and liquid waste. Although it has not yet been investigated, the shallow pool pen system (SPP) could be used as an alternative to improve the environment and pigs welfare during raising phase, with environmental advantages compared to the conventional pool pen system. Therefore, the present study was conducted to evaluate the behavior of gilts and the operational aspects of their production in SPP, during winter and summer in Midwestern Santa Catarina.
Material and Methods
The study was conducted in a commercial unit of finishing pigs, located in the Midwest of Santa Catarina (27°01′S, 51°48′O), at an altitude of 970 m. The climate in this region is classified as humid mesothermal subtropical with hot summers, with an annual average temperature of 17-18°C and average relative humidity between 76 and 80% (PANDOLFO et al., 2002) .
The gilts were housed in a grower/finisher facility, east-west oriented, open laterally, with a ceiling height of 3.0 m consisting of a canvas lining covered with clay tiles. Pens (4.1 x 3.20 m) had a concrete floor at 3% of slope, with feeders along the front of the stall, a drinking cups at the back with a flow of 1.91 L/min, and a 1.3 m wide corridor. In the SPP, the pools occupied 2.50 m 2 of the pens (approximately 20% of the floor) with a height of 1.5-2.0 cm. All pens were cleaned daily by scraping, and the removal of the accumulated dust on the floors was carried out weekly.
Six pens with compact concrete floor were used for the assessments, where three pens were adapted to accumulate wastewater from the drinker cups and the liquid waste, determined as the shallow pool pens (SPP), and three pens had only the compact concrete floor (TSF), i.e., without water-blade. This arrangement allowed that the two treatments were investigated simultaneously. Eleven gilts/pen were housed (a total of 132 animals, housed during the two seasons) with 1.2 m 2 /gilt, with a linear area of 0.3 m of feeder/animal. The housed gilts weighed from 25 to 110 kg of body weight (accommodation, 108 days). Behavioral variables were assessed over six periods, and operational evaluations over five periods during the experiment.
The animals were distributed according to a complete factorial design with two floorings (SPP and TSF) and two seasons (winter and summer), resulting in four treatments with three replicates. The pens formed the experimental units. For behavioral assessments, five animals were randomly selected per pen, which were identified dorsally with a nontoxic marker, two days before the beginning of the evaluations.
Surface temperatures were recorded with an infrared thermometer with fixed emissivity of 0.95. The back temperatures were recorded every hour, in three animals per pen, during behavior evaluations, and floor temperatures were assessed every hour. Environmental variables were recorded with an automatic thermohygrometer (accuracy of ± 3% for relative humidity and ± 1°C for air temperature), with sampling intervals of 10 min, positioned at the geometric center of the facility. The values obtained were used to calculate the temperature-humidity index (THI) (THOM, 1959) .
Six pelleted rations were provided during the raising phase (Table 1) , given in four daily rations of 30 min, starting at the following times: 7:00, 10:30, 14:30 and 18:30 hours, according to the farm routine. Water was supplied ad libitum, and the animals were not handled during the night. During this study, observations were carried out during the day (7:00-19:00 h), with a sampling interval of 12 min (five observations per hour), with instantaneous recording of behavior, according to the methodology described by Martin and Baterson (1986) .
Behaviors variables were divided into the following groups: Eating (ET); Drinking water (DW); Standing -Standing, sitting, or walking (SSW); Exploring the pens (EXP); Sleeping in the back of the pens -animal lying or sleeping on the shallow pool part of the pen (SLB); Sleeping in the front of the pens -animal lying or sleeping on the dry part of the pen (SLF); Excreting in the back of the pens -defecating and urinating in the shallow pool part of the pens (EXB); Excreting in front of the pens -defecating and urinating in the front of the pens (EXF); Hostility-aggressive interaction (HOS);
Fighting for drinkers cup (FIG); Belly nosing (BN) ; Mounting other animals (MON) according to a work ethogram proposed by Paiano et al. (2007) .
To determine the operational aspects of SPP use, the time taken to complete the daily dry pen cleaning (cleaning by scraping) was recorded. At the end of the experimental period, after the removal of all animals, the time required to clean the pens, as well as the volume of water used, and the accumulation of organic material stacked in the pen were recorded. The amount of dust accumulated on the pens floor was weighed weekly.
The behavioral variables and surface temperatures (floor and dorsum) were analyzed, according to a factorial designs (2 × 2) with two systems (TSF and SPP) and two seasons (summer and winter). The SAS (2008) computer program was used with the GENMOD procedure, in which it was assumed that the behavioral variables had a Poisson distribution. Environmental and operational variables were analyzed assuming a normal distribution and the means were compared using Duncan's multiple range test (5% probability).
Results and Discussion
Dry bulb temperatures within the facility were lower (P <0.05) during winter at 19.9 ± 2.2°C, compared to the summer in which the average temperature was 24.5 ± 2.3°C. Similar differences were observed for relative humidity and THI. The relative humidity was 67.5% ± 7.9 and 74.89 ± 8.9%, and THI values were 66.3 ± 2.8 and 73.1 ± 3.5 in winter and summer, respectively. The different averages of the environmental variables ( Figure 1 ) are indicative of seasonal environmental patterns. The temperature range required for the thermal comfort of growing-finishing pigs is 12-21°C, with relative humidity between 65 and 75% (VEIT; TROUTT, 1982) . Therefore, in this study, the animals were under heat stress in the summer at 14:00, 15:00, and 16:00 hours (Figure 1) . In the summer, temperatures exceeded 27°C, wich is considered a critical limit for pigs (SAMPAIO et al., 2004) . Similarly, during the same time, the THI exceeded 75 points. Silva (2000) considered critical THI values below 55 (cold stress) and above 71 (heat stress), which indicate that in the summer, THI values especially in the afternoon, were above those considered optimal for this species.
The mean floor temperature inside the pen and the back temperatures of the animals (Table 2) did not differ between treatments or seasons (P>0.05). However, the variable floor temperature in front of the pen differed between seasons (P<0.05), with a higher temperature measured during the summer. It is possible that the high specific heat of water limits the floor temperature variability in the pen, where the waste flow area of the pen was located. In front of the pen, as there was no standing water, this phenomenon was not observed, and therefore, higher floor temperatures were recorded in summer. Skin temperature can be an indicator of physiological heat stress in pigs (ANDERSEN et al., 2008; RENAUDEAU et al., 2010) , since peripheral circulation is a form of heat dissipation. However, the dorsal surface temperature of the animal was not affected by the presence of shallow waters (Table  2) , although the critical heat period occurred during the summer.
There was an association (P <0.05) between drinking behavior and fighting for drinkers, with higher TSF values recorded during the summer (Table 3 ). This may indicate that the shallow pool system favored thermal equilibrium, diminishing the need for water intake. Increased water consumption is one of the main indicators of heat stress in pigs during the finishing phase (HUYNH et al., 2005) , because it permits cooling favoring homeothermy.
In winter, standing and exploring behaviors were more frequent (P< 0.05) and sleeping behavior was less frequent (P <0.05). Besides body weight, ambient temperature has a substantial effect on the posture (lying and or standing) adopted by pigs (SAVARY et al., 2009) , so that pigs in thermal comfort adopt an increased frequency of behaviors that involve energy expenditure (PAIANO et al., 2007) . As the temperature increases, pigs use behavioral, physical, and chemical mechanisms to adjust their body temperature, which may lead to deviations in energy available for production, and a change in the nutritional requirement of the animal (MANNO et al. 2005 ).
There was an interaction (P <0.05) between season and kind of floor for sleeping behavior at the back of the pen, and was more frequent in the TSF treatment only in summer, without differences in winter (P> 0.05). The sleeping behavior at the back of the pen indicates that the animals are seeking a damp location in which to lie. In environments that induce heat stress, pigs employ a strategy of dampening their body surface to promote thermoregulation (BARBARI; CONTI, 2009; BRACKE, 2011) .
This can also be achieved by seeking dirty regions of the pens, where they can moisten their body surface with feces and urine (HUYNH et al., 2007) , which may explain the higher values of this variable during the TSF treatment in the summer.
Therefore, SPP and conventional water pools may be alternatives to increase heat loss (REIS, 1995; MOREIRA et al., 2003; PAIANO et al., 2007) .
There was no difference (P> 0.05) among pigs excreting at the back of the pen. However, there was an interaction (P <0.05) between kind floor and season for pigs excreting in front of the pen, with a greater value for TSF in the summer, probably reflecting the increased water consumption, indicating that SPP may favor hygienic behavior of pigs. Moreira et al. (2003) observed less waste in shallow water pens when compared to partially slatted floor pens. Similarly, Huynh et al. (2006) found that growing pigs excrete less in the rest area in pens with shallow pools, when compared to pens with sprinklers and without any air conditioning.
Patterns of defecation and urination by pigs are directly related to the temperature and the environment. In an experiment where pigs were confined to temperatures below 23°C, defecation was restricted to the drainage areas of the pen. With an increase in temperature, the animals increasingly used the compact areas of the pen for defecation ).
There was a higher frequency (P <0.05) of hostility in the summer, particularly in TSF pens; the higher aggressiveness may have occurred because of the discomfort resulting from heat stress. The lower hostility observed with SPP is similar to that reported by Paiano et al. (2007) , probably due to the greater welfare of these animals, suggesting that SPP may have favored the pigs' comfort. The use of environmental enrichment in pig breeding pens may reduce the aggressive behavior of animals ( VAN DE WEERD; DAY, 2009) . In this regard, the use of SPP, as well as deep bedding, could be used as a form of environmental enrichment with the aim of reducing agonistic behavior.
There was a higher frequency (P <0.05) of Belly nosing in summer, however, there was not interaction and effects of floor type (P>0.05). Belly nosing is considered an abnormal behavior observed more frequently in pigs subjected to early weaning, being a repetitive frustrationinduced motion (LATHAM; MASON, 2008) . The increased frequency of this behavior in the summer suggests that heat stress may have been contributing factor. The duration of daily cleaning by pigs (Table 4) was higher (P <0.05) in pigs in the SPP treatment, possibly due to the volume of water that accumulated throughout the day, which was discarded at every cleaning by scraping. The duration of daily cleaning was higher (P <0.05) in summer, probably due to increased water consumption by the pigs, which led to increased production of liquid waste. There was interaction (P <0.05) between season and flooring type for the weekly accumulation of dust, with higher dust accumulating on the TSF flooring and in winter, at about 128 g/m 2 dust per week. The reduction in accumulated dust is an essential air quality factor in pig facilities. The reduction of dust in the pens, as well as gases in the facilities, are health determinants of the porcine respiratory system, as low-quality air causes direct toxic effects on ciliated cells impairing the mucociliary defense mechanism (BARCELLOS et al., 2008) . Therefore, the presence of shallow waters and the associated daily cleaning of stall floors can be used to reduce the amount of accumulated dust. This will consequently improve the pig-breeding environment, reducing the accumulation of dust and stacked feces on the floors.
Similarly, there was interaction (P <0.05) between the use of water for cleaning, and the highest value obtained for TSF flooring in summer, caused by a greater dehydration of manure in the stalls without the shallow water, and consequently increased the use of water for the organic material removal. In pens with TSF there was a higher (P <0.05) amount of stacked organic material compared to SPP pens, which led to an increased (P <0.05) time taken for the final cleaning of pens.
The use of shallow water reduced agonistic behavior, competition for drinkers, a reduction in dirt and dust as well as water usage and time for final cleaning. However, the length of daily cleaning increased. Therefore, further studies should be conducted to evaluate economic variables related to breeding in shallow water pens, as well as potential variables related to the characteristics of the carcass.
Although the use of shallow pool pens provided better animal welfare conditions, especially when behavioral aspects such as the lower incidence of aggression and fighting for drinkers were analyzed. The use of shallow water increased the daily cleaning time, it led to lower concentrations of dust and reduced the time taken for the final cleaning of the pens.
